Chlorophyll was determined by the method of Arnon (1) . Chloroplast suspensions were made up in the NaCl-Versene medium to contain about 1 CHRO.ME C: Suspensions of washed chloroplasts, prepared as (lescribed above, caused a photoreduction of added cytochrome c in the light, and an oxidation of reduced cytochrome c in the dark. The photoreduction was conveniently demonstrated in dilute phosphate buffer of pH 7.0, containing about 0.06 uIM of oxidized cytochrome c in a final volume of 3.0 ml. This solution was allowed to come to temperature equilibrium, the optical density at 550 mx wsas measured, and then a suitable aliquot (e.g., 0.05 ml) of the chloroplast suspension was stirred into the reaction mixture un(ler condlitions of minimum illumination, without removing the cuvette from the instrument. A series of readings were taken in the dark at 1-minute intervals, to (letermine the contribution of the chloroplast suspension to the optical (lensity at 550 m,u, and to ascertain whether any changes oc--255 Table I also shows the percent of cytochrome in the reduced form when the steady-state level was reached, i.e., when the optical density at 550 m,u showed no further change on continued illumination. As already mentioned, the photoreduction of cytochrome did not reach completion. The level of reduction of the cytochrome was calculated from the observed change in optical density and the known amount of cvtochrome added, and this calculation was corroborated by addition of sodium hydrosulfite at the end of the experiments with measurement of the attendant increase in optical density which accompanied the complete reduction of the cytochrome.
In the experiments with added cyanide, precautions were required in the determination of the steady-state level. The oxidized form of cytochrome c forms a complex with cyanide, and this cyanferricytochrome c complex is not photoreduced by the chloroplasts. In this respect, the photoreduction of cytochrome c is completely analogous to the reduction of cytochrome c by succinate in the presence of preparations from animal tissues. Horecker and Kornberg (9) have studied the cytochrome c-cyanide complex in some detail, using the extent of reduction by succinate as a measure of the amount of uncomplexed cytochrome present. It is possible to use the photoreduction of cytochrome by chloroplasts in the same fashion. Ex- NIEMAN AND VENNESLAND-PHOTOREDOX EFFECTS ON CYTOCHROME C Curve 1 shows that there was no significant change in optical density when reduced cytochrome c was incubated with 0.2 ml of heated digitonin extract.
The 1st 6 minutes of incubation were in the dark. Then the light was turned on at 6 minutes (broken line). At 28 minutes the light was turned off and 0.1 ml of unheated extract was added (arrow D). The change due to the dark oxidase was noted, and then the light wa switched on at arrow L. The rate of photooxidation is seen to be faster than the activity displayed by 0.2 ml of unheated extract alone (curve 3). Curve 2 shows the activity of 0.1 ml of unheated extract. Curves 2 and 3 show that the rate of photooxidation with 0.2 ml of extract is about twice as great as the rate with 0.1 ml of extract. Addition of 2 mg of digitonin had no effect on the reaction rates observed.
The heat instability of the photooxidase implied that the reaction was enzymatic. To The choice of pH 7.0 for the measurement of the photooxidase represented a compromise between the apparent optima for the photooxidase activity and for the cyanide inhibition of the dark oxidase. The latter was completely inhibited by cyanide (10-4M) at pH 7.5 and 8.0, but was only partially inhibited at lower pH values, possibly because of the volatilization of HCN. A pH of 6.3 appeared to be more nearly optimal for the photooxidase, giving a 20 % increase in rate over that observed at pH 7.0. However, the effect of pH on the dark oxidase in the presence of cyanide was even greater, the rate at pH 6.3 being twice that at 7.0. The rates of the photooxidase at pH 7.5 and 8.0 were about two thirds and one third respectively of the rate at 7.0. In the range pH 5.3 to 5.9, turbidity developed and the photooxidase was inactivated.
Cytochrome c photooxidase requires the presence of oxygen, as shown in figure 5 . 
DISCUSSION
Chloroplasts prepared by the method of Arnon et al (2) resemble those studied by Jagendorf (12) in that photoreduction of cytochrome c can readily be demonstrated in the absence of respiratory inhibitors. With the chloroplast suspensions studied by Rosenburg and Ducet (25) and by Mehler (20) , it was necessary to inhibit the oxidase by cyanide in order to demonstrate that cytochrome c could function as a Hill reagent. McClendon (19) and Jagendorf and Wildman (11, 12) have described chloroplast preparations devoid of cytochrome oxidase, and are of the opinion that this enzyme activity represents a "contamination" of chloroplasts with other particulate matter from the leaf. On the other hand, Sissakian and his co-workers (27, 28) The above remarks refer to the dark cytochrome oxidase activity of the whole chloroplasts. For the cytochrome c photooxidase, there can be no question regarding its chloroplastic origin, since, as will be shown in a subsequent paper, a chlorophyll-lipidprotein complex is one of the componenits essential for the photooxidation reaction. The effect of digitonin on the photooxidase is regarded as an unnmasking. When the chloroplasts are treated with digitonin they undergo extensive fragmentation, and lose their capacity to photoreduce cytochrome c. This permits their photooxidase activity to be dcemonstrated directly. The mechanism of the inhibitory effect of digitonin on the photoreducing capacity of the chloroplasts is of some interest. When plant mitochondria are treated with digitonin, their capacity for causing the dark oxidation of cytochrome c is enhanced (26) . One might suppose that the photooxidase activitv is enhanced by digitonin in a similar manner, but it is unlikely that the entire effect of dligitonin on chloroplasts can be explained in this way. The behavior of the preparations suggests a severe inhibition of the photoreducing power of the system. It should be noted, however, that the action of the digitonin is gradual, and to some extent reversible. Chloroplast preparations which appear to have been completely inhibited insofar as photoreduction of (8) who have described a number of photochemical activities in "chloroplastin" preparations.
Davenport, Hill and Whatley (6, 7) have described a protein factor present in leaf extracts necessary for the photoreduction of methemoglobin and cytochrome c by chloroplast suspensions prepared in a different way from those used in the present experiments. A possible explanation for the effect of digitonin in our experiments is that it causes the release or inhibition of this factor, which is presumably present in sufficient amount in the intact chloroplasts to permit photoreduction of cytochrome c without added activator. The digitonin may act partially in this manner, though it probably has a more deep-seated additional effect on the photolysis reaction, since the photoreduction of Hill reagents other than cytochrome c is also inhibited by digitonin treatment. The digitonin apparently inhibits the 02-evolving system. The possibility that the cytochrome c photooxidase is an artifact created by the digitonin has been carefullv considered. We have already pointed out (22) that the cytochrome c photooxidase here described is different from the non-enzymatic photochemical reactions studied by Krasnovsky and his associates (16, 17) . This difference is even more clearly brought out by the demonstration that the enzymatic photooxidase can be fractionated into 2 heat-labile components, one containing chlorophyll, and one not (21, 23) .
We view the cytochrome c photooxidase as a component of the intact chloroplasts, partly because of the kinetic measurements which led us to suspect the presence of the photooxidase before we found a procedure for unmasking it. It is of interest that the data obtained with heavy oxygen by Brown and Good (3) seems entirely compatible with the presence of a cytochrome c photooxidase in their preparations. Their data with cyanide-poisoned chlorella suggests, in fact, that a cyanide-insensitive photooxidase is operating in these algae. Perhaps the photooxidase described in the present paper can account in part for that component 
